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1. File-level Metadata (FLMD)

● Overview, requirements, use
● Hands-on practice

2. CSV Reporting Format

● Overview, requirements, use
● Hands-on practice

Questions and discussion encouraged!

3. Samples Reporting Format

4. Publishing Datasets with Reporting 
Formats

● Review and publication workflow
● Common errors and potential for tools



Access to Hands-on Content



Benefits of Reporting Formats
The standardized data and metadata templates improve both human- and 

machine-readability

● Makes data more Findable, Accessible, Interoperable, Reusable

● Set consistent methods of reporting data within a project

● Allows scientists to easily work across multiple datasets

● Planned ESS-DIVE tools for advanced data search, integration, and 
visualization will leverage reporting formats
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Package Level 
Metadata/JSON-LD

Sample 
IDs/Metadata

Package Metadata 
Quality

Damerow (LBNL)Damerow (LBNL)Agarwal, 
Hendrix (LBNL)

CSV Guidelines 

Velliquette, Heinz, 
Devarakonda (ORNL)

Soil Respiration

Water/Soil 
Chemistry

Boye (SLAC)

Hydrologic 
Monitoring

Goldman (PNNL)

Amplicon 
Sequencing

Weisenhorn (ANL)

Leaf Physiology

Rogers, Ely (BNL)Bond-Lamberty, 
Pennington (PNNL)

ESS-DIVE Reporting Formats
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Model Data 
Archiving

Simmonds (LBNL)

Locations 
metadata

Crystal-Ornelas 
(LBNL)

Data
Files

Metadata File-level 
Metadata 

Velliquette, Heinz, 
Devarakonda (ORNL)

Serbin, Ely (BNL)

UAS

Crystal-Ornelas, R. et al. Enabling FAIR data in Earth and environmental science with community-centric 
(meta)data reporting formats. Sci Data 9, 700 (2022). https://doi.org/10.1038/s41597-022-01606-w



Reporting formats offer 
multiple levels of 

formatting guidance



Status of Reporting Format Datasets 

96 datasets using reporting formats are publicly available

Early adoption has 
been key to the 
development of tools 
and features



Completed FLMD and data 
dictionary files enable Fusion DB 
to find and extract your data 
from parsable CSV files in 
published datasets

Published Datasets Enable Enhanced Search



Published Datasets Enable Enhanced Search

Use of reporting formats enables enhanced 
search through the Deep Dive API 

● Separate from ESS-DIVE main search
● Searches data within dataset files

Published datasets that employ reporting 
formats are instrumental to enabling 
advanced search 

Interactive API at fusion.ess-dive.lbl.gov

http://fusion.ess-dive.lbl.gov


Getting Started
Hands-on practice with broadly applicable reporting formats

CSV Guidelines 

Model Data 
Archiving

Sample 
IDs/Metadata

Guidelines for all data in CSV tabular 
format

Guidelines for archival of sample data 
with IGSN IDs

Later today!
Model code management and 

model data archiving

File-level 
Metadata 

Metadata at the file-level for all 
datasets and data types



File-level Metadata Reporting Format
Purpose, requirements, and hands-on exercise

12



The Role of File-level Metadata
File-level metadata provides the information needed to understand, parse, and 
extract data from files. It consists of two files:

1. File-level Metadata File (FLMD)
○ Each row contains information about a file within the dataset

2. Data Dictionary File (dd)
○ Each row contains the header row/column information of individual files

The ESS-DIVE Fusion DB uses the FLMD reporting format to parse 
CSV files and enable advanced search capabilities



FLMD v2.0 Requirements and Recommendations

File Name
● Name of associated 

file 

File Description
● Brief description of 

file that distinguishes 
it from other files

● Information about 
data type

Required Recommended Optional

Standard
● State if any data or 

metadata standard 
was applied to the 
data file 

● If reporting formats 
were used, use 
defined terms 
provided

● Header rows
● Column or row 

name position
● File Version
● Data Orientation
● Notes



NEW FLMD Header Rows and Position
Optional FLMD fields allow for handling of additional header rows/columns before 

and after the column or row names



Header Rows and Position
header_rows 

● Used when rows after 
variable/header names and 
before data

● Provide the number of 
header rows that occur 
after the column or row 
names in a file and before 
the data begins

header_rows = 1



Header Rows and Position

column_or_row_name_position

● Used when rows before 
variable/header names

● Provide the row or column 
number that contains the 
header names

● If not included, it will be 
assumed that header names 
are in row 1 (for horizontal 
orientation) 

column_or_row_name_position = 3
Important: If row is commented out (preceded by 

hash mark) the row should not be counted



NEW Controlled Standard Names
standard

● Note if any standard 
formats are being 
used in a data file

● Now have a list of 
names to use for the 
ESS-DIVE reporting 
formats 

ESS-DIVE 
FLMD v1

ESS-DIVE 
Model Data 

v1

ESS-DIVE 
Soil 

Respiration 
v1

ESS-DIVE 
Water-Soil-Se
diment Chem 

v1

ESS-DIVE 
Leaf-level 

Gas 
Exchange v1

ESS-DIVE 
UAS v1

ESS-DIVE 
Amplicon v1

ESS-DIVE 
Hydrologic 

Monitoring v1

ESS-DIVE 
Sample v1

ESS-DIVE 
CSV v1

ESS-DIVE 
Location v1

Reminder: Include the name(s) of reporting format(s) used in the 
package-level keywords when submitting your dataset



Data Orientation

New row = Horizontal orientation

New column = Vertical Orientation

How are data 
being added to my 

data table?

Two options for noting data orientation for CSV 
files within the file-level metadata:

1. Horizontally with Names at the top of each 
column
OR

2. Vertically with Names at the start of each 
row.
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Practice: Filling out file-level metadata

Example data file 1



Practice: Filling out file-level metadata
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Practice: Filling out file-level metadata
Data File 1 metadata tab

File-level Metadata Template (flmd_blank)



Practice: Filling out file-level metadata

File Name
● Name of associated 

file 

File Description
● Brief description of 

file that distinguishes 
it from other files

● Information about 
data type

Required Recommended Optional

Standard
● State if any data or 

metadata standard 
was applied to the 
data file (including 
reporting formats)

● Header rows
● Column or row 

name position
● File Version
● Data Orientation
● Notes

Complete for both data files



Completed FLMD
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Data dictionary fields

Column or Row Name
● Each column or row name 

from the data file
Unit

● Provide variable units of 
measurement or "N/A" if 
units aren't applicable 

Definition
● A complete unambiguous 

description of column or row

Required

Column or Row Long Name
● Longer human-readable 

column or row name
Data Type

● Define the data type for each 
column (e.g. text, numeric, 
date)

Missing Value Code
● Define the missing value 

codes used for a specific 
field

Optional

Included as a CSV file in addition to your FLMD file and 
other reporting formats if applicable.

Used to describe each field in CSV/tabular data files



Practice: Complete a data dictionary
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Data Dictionary

For each column* in your data 
files, you should have a row in 

your data dictionary

Data File

Data Dictionary Template (dd_blank)

Repeated variables only need 
to be entered once

* or row if vertical orientation
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Completed Data Dictionary

Data Dictionary



FLMD documentation and instructions



Questions?

If you’ve used the FLMD reporting format, have you had any notable 
pain points? / If you haven’t used the FLMD reporting format, were 

any fields unclear?

Are there any tools you feel could be helpful in using the FLMD 
reporting format? / Do you use any tools already?



CSV Reporting Format
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The CSV Reporting Format

● The CSV file is a non-proprietary format for tabular data
● Archives tabular data in its simplest form
● Defines structure and some content

What is the CSV reporting format?

Why use the CSV reporting format?

● Specifies common format for elements within your CSV files 
(e.g., missing values) which make CSVs easier to read

● Reduces inconsistencies (e.g., 2021-04-26 vs. 4/26/2021)

Terri Velliquette
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File Structure

Use the standard 
US-ASCII character set 
without extensions or use 
UTF-8 (which includes the 
ASCII character set).

Using either of these 
character encodings will 
increase machine 
readability and 
interoperability.

Character Set Delimiter

Save files in CSV 
format.

This requirement is 
necessary for machine 
readability as 
unprotected commas will 
disrupt the interpretation 
of columns and rows.



Data Matrix

The contents of the data 
portion of the file must 
be in a logical and 
readable matrix format. 
There can be no empty 
rows. There must be the 
same number of 
columns across all of 
its rows.

File Structure



File Structure

Column or row name
orientation
The orientation of the 
Column/Row Names in 
the Data Matrix could be 
presented:

1. Horizontally with 
Names at the top of 
each column

OR
2. Vertically with 

Names at the start 
of each row.

Horizontal Orientation

Vertical Orientation



Naming structure

Unique and descriptive 
file names about file 
contents

File Name

Burned_plot_veg_2016.csv, SoilPoreWaterHillslope2019.csv

data1.csv, data from burned.csv, _plots.csv



Naming structure

Column or row names 
should be concise and 
clear.

Use only letters, numbers, 
hyphens, and underscores 
“_”

Do not start with numbers

Column/row names



Naming structure

Do not include units in data 
fields.

Can provide units below the 
column name as a next row 
/adjacent to the row name 
as next columns*
OR only in CSV Data 
Dictionary

Include “N/A” when units 
are not applicable

Units

* If providing units directly in data file, use header_rows 
variable in FLMD to note the additional row



Field Structure: Temporal Data/Range & Spatial 
Data

● Temporal Data
○ Date reported in ISO 8601 standard: YYYY-MM-DD
○ Report to known precision (e.g., YYYY-MM, YYYY)
○ Time reported in UTC: hh:mm:ss
○ Report to known precision (e.g., hh:mm, hh)
○ If date and time are split between two fields, name fields “date” and “time”

● Temporal Data Range
○ Range time stamped data to be reported as paired columns or rows for start and stop times
○ “dateTime_start" and "dateTime_end" OR "time_start" and "time_end"

● Spatial Data
○ Geographic coordinates to be reported in WGS84 decimal format
○ Provide latitude and longitude as separate variables



Field Structure: Consistent Values & Missing Value 
Codes

● Consistent Values
○ All data within the Column or Row must use the same units of measurement
○ Do not mix text and numeric data within same Column or Row 

● Missing Value Codes
○ Cells with missing values should be represented with Missing Value Codes

■ Numeric Data = “-9999”
■ Character Data (text) = “N/A”



Practice: CSV Reporting Format



Practice: CSV Reporting Format
Unformatted CSV Tutorial file (unformatted_csv_tutorial) 



Practice: CSV Reporting Format
● Character Set: Use US-ASCII (includes all upper- and lowercase characters, digits, 

and common punctuation used in the English language
● Column/Row Orientation: data can be presented either vertically or horizontally
● File, Column, and Row Names: unique and detailed names; only use letters, 

numbers, hyphens, and underscores; no spaces
● Units: include as next column or row; include N/A when units are not applicable
● Consistent Values: include same unit of measurement within column or row; do not 

mix numeric and text data
● Missing Value Codes: N/A for character data (text) and -9999 for numeric
● Temporal Data: Format in YYYY-MM-DD hh:mm:ss, to known precision
● Spatial Data: Format in WGS84; Provide latitude and longitude in separate 

columns/rows

**Feel free to review the CSV Quick Guide as you are working through the CSV

https://github.com/ess-dive-community/essdive-csv-structure/blob/master/csv_quick_guide.md


CSV Reporting Format
Formatted CSV Data File

Variable information moved to data dictionary



Practice: CSV Reporting Format
● Character Set: Use US-ASCII (includes all upper- and lowercase characters, digits, 

and common punctuation used in the English language
● Column/Row Orientation: data can be presented either vertically or horizontally
● File, Column, and Row Names: unique and detailed names; only use letters, 

numbers, hyphens, and underscores; no spaces
● Units: include as next column or row; include N/A when units are not applicable
● Consistent Values: include same unit of measurement within column or row; do not 

mix numeric and text data
● Missing Value Codes: N/A for character data (text) and -9999 for numeric, unless 

otherwise defined in the data dictionary
● Temporal Data: Format in YYYY-MM-DD hh:mm:ss, to known precision
● Spatial Data: Format in WGS84; Provide latitude and longitude in separate 

columns/rows



CSV reporting format documentation



Questions?

Pain points? Unclear guidelines?



Samples Reporting Format

48



1) ESS-DIVE documentation for samples 
https://ess-dive.gitbook.io/sample-id-and-metadata/

2) Instructions - download sample metadata template 
3) Access metadata guide 

4) Citation / References    → 

ESS-DIVE Sample ID and Metadata Guide and 
Template
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Damerow et al. 2021. 
http://doi.org/10.5334/dsj-2021-011

https://ess-dive.gitbook.io/sample-id-and-metadata/
https://ess-dive.gitbook.io/sample-id-and-metadata/instructions
https://ess-dive.gitbook.io/sample-id-and-metadata/guide
http://doi.org/10.5334/dsj-2021-011


ESIP Guide on Publishing Sample-Based 
Research
Earth Science Information 
Partners (ESIP)

Physical Samples Curation 
Cluster

Paper on guide and 
community/technical needs

Author Guide: https://doi.org/10.6084/m9.figshare.24669057.v1 Flyer: https://doi.org/10.6084/m9.figshare.24291148.v2 

https://doi.org/10.6084/m9.figshare.24669057.v1
https://doi.org/10.6084/m9.figshare.24291148.v2


Step 1. Describe Samples with Rich Metadata



Example ESS-DIVE IGSN Template

Forbes et al., 2023 doi:10.15485/1923689 

https://data.ess-dive.lbl.gov/view/doi%3A10.15485%2F1923689


Step 2: Assign and Use Identifiers for Samples

Provides a meaningful, 
project-specific unique ID 
to organize your data

ORCiD: People
DOI: Data, publications

IGSN: Samples 
IEWFS000U

Persistent 
Identifiers

Unique 
Identifier
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Sample Name: 
RockCr001_2021-05-25

Globally unique IDs with 
permanent link/landing 
page, associated metadata



1.) Multiple datasets, journal publications

2.) Collaborators work on same samples

3.) Multiple labs for analyses

4.) Sample-related data in different 
repositories

5.) Archived, and used for multiple 
purposes over time

When do you need PIDs?
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IGSN: IEBWE000T

IG
SN

: IEB
W

E000T

IGSN: IEBWE000T
 

https://www.geosamples.org/profile?igsn=IEBWE000T
https://www.geosamples.org/profile?igsn=IEBWE000T
https://www.geosamples.org/profile?igsn=IEBWE000T


Step 2. Assign and Use 
Identifiers for Samples
Register samples for IGSN IDs through 
SESAR.  https://www.geosamples.org/ 

For subsamples sent to a lab for analysis:

- Provide the laboratory your source material 
sample PID (IGSN)

https://www.geosamples.org/


Step 3. Publish and Cite Datasets with Sample 
Identifiers
Publish a dataset that includes your Sample 
identifiers (ideally PIDs) and associated data

● Include IGSNs your dataset(s) metadata
● Include an IGSN column within all data files 

containing your sample data

Cite ESS-DIVE dataset(s) in your papers

Forbes et al., 2023 doi:10.15485/1923689 

https://data.ess-dive.lbl.gov/view/doi%3A10.15485%2F1923689


Next Steps for ESS-DIVE Samples
Samples RF does not follow csv RF guidelines

- Need tool to read in Fusion DB

Some minor updates to RF fields not used in SESAR
- Same process as FLMD

Exploring Data Harmonizer tool for validating ESS-DIVE sample metadata



Next Steps for ESS-DIVE Samples

Incorporate ESS-DIVE Samples RF 
into NMDC Sample Submission 

Linking BER data - Related Identifiers

RDA Complex Citations Hackathon for 
Samples (April 29, 1-3 pm PT)



Questions?



Publishing Datasets with Reporting Formats
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Datasets using reporting formats 
go through a second level of 
validation and review by the 
Fusion DB at the time of 
publication request.

Validation is re-run if a dataset 
files are updated.

The Fusion DB uses keywords to identify 
datasets that have FLMD files

File-Level Review and Validation



Fusion DB checks for the inclusion of required fields in 
FLMD and Data dictionary files, and that CSV files 
conform to CSV reporting format requirements.*

Common Errors

● Incorrect naming of required FLMD and DD fields
● Parsing issues in CSVs: variables with spaces or 

special characters, UTF-8 errors
● Incorrect data orientation defined in FLMD

File-Level Review and Validation

Exploring programmatically fixing common errors during review



Errors are reported to the ESS-DIVE team and sent to data contributor along with 
any other necessary revision requests

● Errors that are required for the parsing of data files should be fixed before 
publication

● Files that do parse after publication are available in deep dive

Considering development of additional methods/external tools for providing 
feedback before submitting and requesting publication. 

File-Level Review and Validation



Resources
Community GitHub - instructions, templates, feedback

Reporting Format Checklist

Past webinars 

Portal of datasets using reporting formats for examples

Deep dive API

Please contact ess-dive-support@lbl.gov with questions or feedback

https://github.com/ess-dive-community
https://bit.ly/ess-dive-RF-checklist
https://ess-dive.lbl.gov/webinars/
https://data.ess-dive.lbl.gov/portals/reporting-formats
https://fusion.ess-dive.lbl.gov/#/
mailto:ess-dive-support@lbl.gov


Questions?
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Connect With ESS-DIVE
To get help:
ess-dive.lbl.gov 
ess-dive-support@lbl.gov
docs.ess-dive.lbl.gov

To stay updated:
ess-dive-community@lbl.gov  
    @essdive 
https://bit.ly/essdiveMailingList 
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